The purpose of this work is to evaluate the spatial and seasonal variability of water quality from the Mopanshan Reservoir, which is a typical reservoir in the northern cold regions of China. The results indicate that preventive or remediation actions are necessary to improve its water quality. Water samples were collected between 2012 and 2013 at five sampling stations at the Mopanshan Reservoir, and analyzed for COD Mn and total nitrogen (TN). SPSS software was used to carry out analysis of variance and correlation analysis. Spatially, COD Mn and TN exhibited a rather small distinction in the horizontal direction, but there was a significant difference regarding TN in the vertical orientation. The concentration of TN also increased with the increase in sampling depth.
INTRODUCTION
Drinking water security is critical to the health and safety of citizens, and protecting water sources is an important part of water resources protection. Reservoirs are a relatively common drinking water source in China, and research on the change rules for water quality in them is the basis for protecting the water resource. Water quality of reservoirs may be different due to differences in location, climate, etc. Compared to other headwater areas, reservoirs can ensure a stable water supply and are easy to protect. They also have a distinct advantage in the cost of disposal and water supply quality (Cui et al. ) . At present, when researchers study water quality in reservoirs, the reservoirs in south China are the main research subjects, and the reservoirs in the northeast have not received enough attention. In China, the northern and southern areas are separated at the latitude of 50 degrees, so there are pronounced differences between northern and southern reservoirs.
He evaluated the water quality of 41 reservoirs in ). Chen analyzed the causes of the high content of total nitrogen, and put forward some suggestions about intensifying the safeguards for water quality in the Danjiangkou Reservoir (Chen et al. ) . Palma assessed the spatial and temporal variability of water and sediment quality in the Alqueva reservoir, and concluded that the major parameters that explained the water quality variability were the nutrients in the water column and trace elements in the sediments (Palma et al. ) . Wei Hou used the water quality index (WQI) method to evaluate the water quality of reservoirs in the lower reaches of the Yellow River, and suggested that WQI is a helpful tool in evaluating the water quality of reservoirs that are used for drinking water (Hou et al. ) . Phuong Thuy Kim Doan researched the eutrophication of turbid tropical reservoirs in Mexico and summarized that if there were cut backs in nutrient inputs, the peak-peak of chlorophyll would also be reduced (Doan et al. ) . To our best knowledge, water quality character- 
MATERIALS AND METHODS

Study areas and sampling sites characterization
Spatial variability in COD Mn and TN
The data in Figure 2 are the detection results of water samples which were taken from the same depth (7 m).
COD Mn and TN showed a similar variation trend among the five sampling stations during the study period. To further illustrate whether COD Mn and TN have significant variation among different sampling sites or not, data were analyzed by SPSS 21 software. The results of ANOVA are shown in Table 1 , which indicate that there are no significant differences among the five sampling sites for COD Mn (P ¼ 0.977 > 0.05) and TN (P ¼ 0.984 > 0.05).
The water quality showed differences at different water depth (Figures 3 and 4) . The concentration of TN increased with an increase in sampling depth. But the concentration of COD Mn didn't rise with the increase in sampling depth and didn't have spatial variability in the vertical direction. To measure the correlation between sampling depth and TN, as well as COD Mn more accurately, ANOVA was adopted (Table 2 ). This shows that there is a significant difference in TN at different sampling depths (P ¼ 0.002 < 0.05). This means that there is a correlation between the water depth and the concentration of TN. However, this difference didn't exist when the study subject was COD Mn (P ¼ 0.509 > 0.05), which means that there is no correlation between the depth of water and the concentration of and Dasha River (0.37 m·s À1 ), where a combined water 
Seasonal variability in COD Mn and TN
As mentioned earlier, the change rule for COD Mn and TN showed no significant difference among the five sampling sites, and considering that the intake is important for water supply security, we selected site 1 as the research object for this part. In general, both COD Mn and TN exhibited a pronounced seasonal pattern. The change in them can be broken down into four major typical water quality periods, including the icebound period (January to March), spring period (April to June), rainy period (July to September) and the stable winter period (October to December) ( Figure 2 completely melted by mid-April. Melting ice added to the amount of water, so the reservoir's inflow was more than the outflow in April ( Figure 5 ). Besides, runoff increased when the ice melted. But the rainfall was still relatively low during this period, so a few pollutants inflowed into the reservoir through surface runoff. Meanwhile, water temperature gradually rose to 10 W C and would reach a maximum of 22 W C (Table 5) Change rule of COD Mn and TN during the rainy period
The temperature remained stable during the rainy period, and the range of water temperature was from 15 W C to 22 W C (Table 5) . Precipitation mainly happened during this period, and the precipitation in 2013 was much greater than that in 2012 during the same period, so the inflows increased seems that the content of TN didn't rise with the increase in rainfall, which can be seen in Figure 6 . During this period, water temperature remained stable, so there was no thermal stratification, and an upward tendency of NO 3 -N was not obvious. And in theory, the reaction rates of biochemical reactions are at a relatively high level, which can deplete TN in the reservoir. Therefore, rainfall has a smaller affect on TN, and it was temperature that caused the changes in TN concentration.
COD Mn is higher during this period, and rainfall is the main reason for the increase in COD Mn . Rainfall is a natural phenomenon, therefore there are no effective methods to solve the problems of exceeding the COD Mn limit. We summarized earlier that NO 3 -N will move upwards when thermal stratification occurs. TN in the bottom of the reservoir occurs in high concentrations during the rainy period.
Thus, to mitigate pollution in the Mopanshan Reservoir, releasing bottom waters during this period is a possibility.
Change rule of COD Mn and TN during winter period
The temperature started to decrease in the winter, and the water temperature gradually reduced to 11 W C and ultimately fell to below 1 W C (Table 5 ). The reservoir starts turning into ice in the middle to end of November each year. Figure 5 shows that the rainfall was relatively low during this stage, so the inflows decreased, which reduced the water table in the reservoir. Contaminants that are caused by rainfall reduced due to the decrease in rainfall. As a result, the concentration of COD Mn decreased in October. But the reaction rates of the chemical reactions and biochemical reactions were at a relatively low level during this period, and 
